Porphyra yezoensis (Susabinori, an edible purple laver), which was cultured aseptically for 12 weeks and then lyophilized, contained 50±2 mg W g of vitamin B 12 per 100 g dry weight. Coenzyme forms of vitamin B 12 (about 60z of the total vitamin B 12 ) were found in the cultured purple laver aseptically, which may have the ability to biosynthesize the coenzymes.
Various types of edible algae (Arame, Carragheen, Dulse, Hijiki, Kelp, Laver, Wakame, and so on) are available as food items. Although the edible algae are known to be rich in vitamins and minerals as well as dietaryˆber, 1) the nutritional signiˆcance of the algae is not well understood. Dried purple laver (Porphyra sp.), which appears to be the most widely eaten edible alga worldwide, has been reported to contain a substantial amount of true vitamin B12 (B12). [2] [3] [4] B12 is an essential nutrient for all animals and some organisms, and known to be synthesized in certain bacteria, but not in animals or plants. 5) Thus, it has been generally known that the algal B12 is derived from some B12-synthesizing bacteria concomitant with the purple laver. There is, however, little information available on whether the purple laver has the ability to synthesize B12 de novo or to take up exogenous B12.
To evaluate whether the algal B12 is derived from the B12-synthesizing bacteria concomitant with the purple laver or not, B12-compounds were measured and analyzed in a purple laver, P. yezoensis, grown aseptically.
P. yezoensis thalli, aseptically cultured, were obtained from Hyogo Prefecture Fisheries Experimental Station, Akashi, Hyogo, Japan. The thalli were further aseptically cultured in B12-depleted SWM-III containing 1,000 units W ml of penicillin and 400 mg of streptomycin at 169 C under illumination (10-h light and 14-h dark cycle) with a ‰uorescent light (daylight type, 2,000 lux). The thalli were aseptically transferred to new B12-depleted medium once a week in theˆrst 4 weeks, and then once every 3 days in the last 4 to 8 weeks. The thalli grown for 8 to 12 weeks were used for the experiments. No contamination of microorganisms in the culture was conˆrmed by ‰uorochrome staining of DNA with 4?6-diamidino-2-phenylindol (DAPI) according to the method described by Coleman. 6) The cultured thalli were collected, washed with distilled water, and lyophilized. Purple laver that occurred naturally was obtained from the Akashi Fisherman's Coop and lyophilized. A one-g portion of each lyophilized purple laver was powdered by the use of a food processor (MK-K48, Matsushita Electronics, Osaka, Japan). Total B12 was extracted from each powder by boiling in 100 mM acetate buŠer (pH 5.0) containing 20 mg W l KCN under the same conditions described in the cited reference. 7) B12 was assayed by the microbiological assay with Lactobacillus delbrueckii ATCC7830 and by the fully-automated chemiluminescence B12 analyzer (ACS-180) with hog intrinsic factor, which is the most speciˆc B 12 binding protein, as described previously. Table 1 shows the amounts of B12 found by the two methods in the aseptically cultured and naturally occurring purple lavers. The values found by the microbiological method are similar to those by the chemiluminescence method. The observed correlation coe‹cient between the microbiological and chemiluminescence methods in foods has been reported to be excellent except for foods containing The B 12 -compounds extracted was separated by HPLC as described in the text. In the case of a light-exposure experiment, a portion (190 ml) of the sample was mixed with 10 ml of 1 mgW ml KCN solution and exposed to a ‰uorescent light for 20 min. The sample was treated with () or without () the KCN-light exposure. 
7 ) The results indicate that the cultured purple laver contains true B12, but not an inactive corrinoid pseudo-B12, a predominant cobamide in Spirulina cells. 8) There are no signiˆcant diŠerences in the amounts of B 12 between the aseptically cultured and naturally occurring purple lavers, of which the B12 levels are quite consistent with the levels described in our previous reports. 4, 9) To clarify the occurrence of coenzyme forms of B12 in the cultured purple laver, B 12 -compounds were extracted from the purple laver powder by the 80z (v W v) ethanol method described previously.
10) The B12-compounds were extracted from the lyophilized purple laver (0.2 g) by boiling with 80z (v W v) ethanol solution. Ten ml of an 80z (v W v) ethanol was added to the powder, and the solution was heated at 989 C for 30 min under re‰ux conditions and then cooled to room temperature. The solution was centrifuged at 5,000×g for 10 min and the B12 remaining in the precipitate was re-extracted under the same conditions. The combined supernatants were evaporated to dryness under reduced pressure. The residue was dissolved in a small amount of distilled water. The solution was put onto a Sep-Pak C18 cartridge (Millipore, Tokyo, Japan) that had been washed with 75z (v W v) ethanol and then equilibrated with distilled water, washed with 5 ml of distilled water, and eluted with 5 ml of 25z (v W v) ethanol solution. The eluate was evaporated to dryness under reduced pressure and dissolved in distilled water. The solution wasˆltered with a cellulose-acetateˆlter (0.2 mm) and used for HPLC analysis. The sample preparation was done in the dark. A sample of the above extract (200 ml) was put on a C18 reversed-phase HPLC column (Wakosil-II 5C18RS, 4.6×150 mm) equilibrated with 40 mM tartaric acid-sodium phosphate buŠer (pH 3.0) containing 25z (v W v) of methanol at 409 C. B12-compounds were eluted with 30 ml of a linear gradient [25-75z (v W v)] methanol in the same buŠer. The retention time of authentic OH-B12, CN-B12, SO3-B12, AdoB12, and CH3-B12 were 9.0, 12.0, 13.5, 18.0, and 22.0 min, respectively. Fractions (1 ml) were collected from the HPLC column, evaporated to dryness under reduced pressure, and resolved in 1 ml of 50 mM acetate buŠer (pH 5.0) containing 20 mg W l KCN. The solution was used for the microbiological B12 assay.
The B12-compounds were separated asˆve peaks in the fractions of OH-B12, CN-B12, SO3-B12, AdoB12, and CH3-B12. When the B12-compounds were exposed to a ‰uorescent light for 20 min in the presence of KCN before HPLC analysis, the peaks found in the AdoB12 and CH3-B12 fractions had disappeared and the most of the B12-compounds were recovered in the CN-B12 fraction (Fig. 1) . These results indicate that the B 12 coenzymes (AdoB 12 and CH 3 -B 12 ) are converted to CN-B12 in the presence of KCN during the light-exposure treatment.
The B12 coenzymes predominated (about 60z of total B12) in the cultured purple laver (Table 2) : the identical results have been found in the naturally occurred purple laver. 9) These results suggest that the aseptically cultured purple laver may have the ability to biosynthesize coenzyme forms of B12.
Iwasaki 11) has reported that B12 can sustain continuous growth of Porphyra tenera (Asakusanori) and is essential for germination of the monospore. Yamada et al. 12) have demonstrated that P. tenera can take up and accumulate exogenous B12. The culture medium used for our experiments normally contained trace amounts of CoCl2 (23.7 mg W l) and CN-B12 (1 ng W l). Our preliminary experiments indicated that when CN-B12 was added aseptically at 5 mg W l to the medium, B 12 could not stimulate the growth of the cultured P. yezoensis thalli; total B12 levels of the purple laver could not be signiˆcantly increased by the addition of B12. Although addition of 237 mg W l or 2370 mg W l CoCl2 showed a tendency to increase the amount of total B 12 found in the cultured purple laver, signiˆcant eŠects of concentration of CoCl2 on the algal B12 levels could not be obtained.
Recently a database of 10,154 expressed sequence tags from a leafy gametophyte of P. yezoensis has become available. 13) Database search results by the BLAST algorithm show that there are some sequences similar to those of vitamin B12 biosynthesis proteins of certain bacteria, but not to those of B12-dependent enzymes (methionine synthase and methylmalonyl-CoA mutase). This observation and the results presented here suggest that P. yezoensis may be able to biosynthesize vitamin B12. To clarify the physiological role of the algal vitamin B12 coenzymes, further biochemical studies are needed.
